Abstract:
100 and 120 L/day), and organic loading rates (26.8, 25 .9 and 25.5 g COD/ cubic. meter/ day).
139
The study also evaluated the effect of seasonal variations, change of plant species and substrate 140 materials on the performance of GROW system. The fate of surfactants in GROW system was 141 also evaluated. above mentioned plant species were planted on the trough having a surface area of 8 square.
178
meter with a plant density of 4 plants per square. meter. In phase 2, the substrate material filled 179 was removed and replaced with gravel of size < 5 cm and the plants were replaced with Canna
180
Sp with a planting density of 4 plants per square. meter. 
Substrate Characteristics
In phase 1, the filter media used was a mixture of sand, brick bats and gravel of equal proportion
184
(1:1:1). Three different filter media were purchased commercially, sand with a particle size of 185 0.5 mm, gravel (10 mm) and brick bat of size < 5 cm were filled in the troughs for a depth of 15 186 cm. In phase 2, the old filter media were replaced completely with gravel of particle size <10 187 mm.
189

Greywater Sources:
190
The influent raw greywater was collected from the Krishna student hostels on IIT Madras 
Sampling and Analysis:
202
The raw greywater and treated water samples were collected every week starting from 203 November, 2013 between 09:00 and 12.00 hours. In addition, samples were collected from the 204 end of each row of troughs 1, 2, 3 and 4 every month. The samples were carried to the laboratory 205 in air tight plastic bottles and were stored in refrigerator at 4°C. The water samples were further examined for the physico-chemical and biological parameters as per standard methods for the 207 examination of water and wastewater (APHA, 2012) . pH of the sample was analyzed using
208
Eutech cyberscan PCD 650 multi parameter kit (Thermo scientific, Singapore). Chemical oxygen 209 demand (COD) was measured using a closed reflux chromate titrimetric method, Biochemical 210 oxygen demand (BOD) was measured using the 5 day incubation method, Total organic carbon 211 (TOC) and total nitrogen (TN) were measured using total organic carbon analyzer V600 series 212 (Shimandzu, Japan).Nitrate nitrogen (NO 3 -N) and total phosphate (TP) was analyzed using UV 213 spectrometer (UV-VIS 8000, Shimandzu, Japan) (APHA, 2012). Fecal coliform (FC) was 214 measured by chromocult nutrient media plates supplied by Sartorius, Germany. The sodium do-215 decyl sulphate (SDS) was measured calorimetrically at 467 nm using a UV 1800 216 spectrophotometer (Shimadzu, Japan). Propylene glycol and Trimethyl amine were measured 217 using gas chromatography fitted with flame ionization detector (PerkinElmer Clarus 500). 
Statistical Analysis
220
The performance of the GROW constructed wetland system was statistically evaluated by Finally in Phase1.4, the performance of the system was evaluated for various organic loading 259 rates (25.5 g COD/ cubic. meter/ day, 25.9 g COD/ cubic. meter/ day and 26.8 g COD/ cubic. 260 meter/ day) by adding sucrose as an external carbon source at a flow rate of 100 L/day. In Phase 261 2, the GROW system was operated at constant flow rate of 100 L/day to evaluate the effect of 262 different substrate materials and plant species on the performance of GROW system. The short 263 term equilibrium was attained within 2 months from the date of plantation in the GROW system 264 and performing well after 3 years of continuous operation. If the GROW system is properly 265 maintained, the system can work for another 2-3 years.
267
Organics
268
During the study period, the influent BOD and COD varied from 68-120 mg/L and 216-320 269 mg/L, respectively as shown in Table 2 . However, the variation of influent quality did not affect Table S1 ]. In phase 2, the COD and BOD removal efficiency was found to be 88% and 84%, 292 respectively [ Supplementary Fig. S1 ]. The reason is that the organic pollutants are mostly 293 removed by microbial degradation and by adsorption (Vymazal, 2002) . Nutrients (nitrogen and phosphorous) presence in wastewater is one of the major factors that 329 causes eutrophication, deplete the dissolved oxygen level and can be toxic to the ecosystem.
330
Generally, the removal of nutrients is by ammonification, nitrification, denitrification, plant 331 uptake, volatilization and biomass assimilation (Vymazal, 2002; Akratos and Tsihrintzis, 2007) .
332
In the present study, the concentrations of nitrates, ammonia and phosphates present in the 333 influent were low as compared to earlier reports (Gilboa and Friedler, 2008; Antonopoulou et al., 334 2013). The nitrogen compounds removal was around 88 to 99% during summer season and was 335 found to be lesser during other seasons (Fig. 5-) . Microbial reactions such as organic nitrogen 336 decomposition, nitrification and de-nitrification are favored at higher temperature resulting in 337 greater removal efficiency. Similar to nitrogen compounds, phosphate removal was also favored 338 at high temperatures. During the summer season, the removal of total phosphate was maximum 339 at 92%, which was less during other seasons (Fig. 6) . It was reported in earlier studies that the 340 main mechanism involved in phosphate removal were sorption and plant uptake (Vymazal, was predominantly due to de-nitrification activity (Vymazal, 2002) . During phase 1.3, enhanced 347 activity of de-nitrifiers was observed due to high HRT which resulted in higher removal rate. In 348 phase 1.4, as the OLR increased from 25.5 to 26.8 g COD/ cubic. meter/ day, the removal rates 349 of nutrients increased (Fig. 5-6 ). The probable reason might be that, increased organic load In phase 2, the removal of nutrients and phosphate were in the range of 82-88% and 65-74%, 356 respectively [ Supplementary Fig S1] . The GROW system was capable of removing the nutrients 
Fecal Coliforms
362
The fecal coliform concentration in the inlet was relatively low (50-120 CFU/100 mL) compared also evident that with increase in hydraulic retention time, during phase 1.3, the removal rates 371 also increased from 94% to 98% (Fig 7) . Akaratos and Tsihrintzis, 2007 have previously 372 reported that as the HRT increased the coliform have higher contact time in the system to get 373 removed or degraded resulting in higher removal efficiency. As the OLR increased, the effluent 374 coliform concentration also increased from 4 CFU/ 100 mL to 12 CFU/ 100 mL, due to increased 
Sodium do-decyl sulphate
387
Sodium do-decyl sulphate (SDS) is the most commonly used surfactant, and the removal 388 efficiency of this pollutant in GROW system varied between 85-96% (Fig. 8) SDS is considered to be highly hydrophobic in nature having a log K ow of 3.6 (Hansch et al., 1996) . Generally, the 
Propylene Glycol and Tri Methyl amine
409
The propylene glycol (PG) and tri-methyl amine (TMA) are commonly used in personal care 410 products likes soap and shampoos. PG and TMA are highly water soluble, have low log K ow 411 value and are also easily biodegradable. It was reported by Avila et al., 2014 , that the compounds that are highly water soluble is predominantly taken up by plants / phyto-degraded and ( Fig. 9 and 10 ) due to the low density of plants and microbes in the system. During phase 1.2, 415 the, the removal efficiency was more during summer than in winter or monsoon. In phase 1.3, as 416 the flow rate increased, the removal efficiency decreased (96% to 80%), due to less retention 417 time. Also, when the OLR increased (25.5 to 26.8 g COD/ cubic. meter/ day) the removal 418 efficiency decreased from 94% to 86%, as the system exceeded the biodegradation capacity. Due 419 to addition of external carbon source, the degradation rates of organic pollutants were hindered.
420
Sucrose is a readily biodegradable compound than PG and TMA. Therefore, microbial consortia 421 would have utilized more sucrose as a carbon source than the target pollutant. As a result, lesser 
